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Comparison of moped, scooter and motorcycle crash risk and crash severity 
Abstract 
The increased popularity of mopeds and motor scooters in Australia and elsewhere in the last 
decade has contributed substantially to the greater use of powered two-wheelers (PTWs) as a 
whole. As the exposure of mopeds and scooters has increased, so too has the number of 
reported crashes involving those PTW types, but there is currently little research comparing 
the safety of mopeds and, particularly, larger scooters with motorcycles. This study compared 
the crash risk and crash severity of motorcycles, mopeds and larger scooters in Queensland, 
Australia. Comprehensive data cleansing was undertaken to separate motorcycles, mopeds 
and larger scooters in police-reported crash data covering the five years to 30 June 2008. The 
crash rates of motorcycles (including larger scooters) and mopeds in terms of registered 
vehicles were similar over this period, although the moped crash rate showed a stronger 
downward trend.  However, the crash rates in terms of distance travelled were nearly four 
times higher for mopeds than for motorcycles (including larger scooters). More 
comprehensive distance travelled data is needed to confirm these findings. The overall 
severity of moped and scooter crashes was significantly lower than motorcycle crashes but an 
ordered probit regression model showed that crash severity outcomes related to differences in 
crash characteristics and circumstances, rather than differences between PTW types per se. 
Greater motorcycle crash severity was associated with higher (80> km/h) speed zones, 
horizontal curves, weekend, single vehicle and nighttime crashes. Moped crashes were more 
severe at night and in speed zones of 90 km/h or more. Larger scooter crashes were more 
severe in 70 km/h zones (than 60 km/h zones) but not in higher speed zones, and less severe 
on weekends than on weekdays. The findings can be used to inform potential crash and injury 
countermeasures tailored to users of different PTW types. 
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1. Introduction 
The use of motorcycles, mopeds and larger scooters, collectively termed powered 
two-wheelers (PTWs), has increased substantially over the last decade in many developed 
countries. This trend underlies increases in the number of PTW crashes in recent years, such 
as reported in the United States (Paulozzi, 2005), Spain (Albalate and Fernandez-
Villadangos, 2009; Perez et al., 2009) and Australia (de Rome et al., 2011; Haworth and 
Nielson, 2008). Previous research has noted the particular vulnerability of PTW riders, with 
fatality rates that are 20 to 40 times higher than for car occupants per distance travelled 
(Department for Transport, 2010; Huang and Preston, 2004; Jamson and Chorlton, 2009; 
Johnston, Brooks and Savage, 2008; Lin and Kraus, 2009; NHTSA, 2007).    
Internationally, there are substantial differences in the percentages of all motor 
vehicles in traffic that are PTWs, and in the mix of PTWs. PTWs comprise a majority of all 
motor vehicles in some developing countries, and the PTWs in these jurisdictions are often 
scooters or motorcycles with small engine capacities (Lin and Kraus, 2009). Motorcycles and 
mopeds have traditionally been common in some countries in continental Europe (WHO, 
2004). However, PTWs have comprised less than 5% of motorised vehicles in Australasia 
and North America, with mopeds and larger scooters comprising only a small subset of this 
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5% (WHO, 2009; Hennessy et al., 2010). Riders of motorcycles and larger scooters require a 
motorcycle licence in all Australian, North American and European jurisdictions (with some 
exceptions for ‘limited speed motorcycles’). Some of these jurisdictions, including the 
current study area of Queensland, permit moped riding by car licence holders, which tends to 
encourage the use of mopeds relative to larger scooters. However, while permissive licensing 
regulations may have driven increased moped sales and use, this clearly was not the stimulus 
for the simultaneous strong growth in sales of larger scooters for which a motorcycle licence 
is required.  
Mopeds accounted for a large majority (84%) of new moped and scooter sales in 
Queensland in 2005 (Haworth and Nielson, 2008), although this dropped to 63% in 2009 
(FCAI, 2009). While mopeds comprised less than 10% of Queensland PTW registrations in 
March 2008, they were 22% of PTWs parked in inner city Brisbane during business hours 
(Blackman and Haworth, 2010) with an additional 14% being larger scooters, confirming 
their primary use as an inner urban transport mode.  
Road safety research has examined the relationship of PTW crash risk to rider 
characteristics, motivations and usage patterns, and to PTW characteristics such as engine 
size and performance (Haworth et al., 1997; Langley et al., 2000; Steg and van Brussel, 2009; 
Teoh and Campbell, 2010; Yannis et al., 2005). Studies have also compared motorcycle 
crashes with those of mopeds, exploring a range of potential differences concerning, among 
other matters, the vehicle characteristics, licensing requirements, spatial crash distribution 
and injury outcomes for the PTW types (ACEM, 2008; Haworth et al., 2009; Kim et al., 
2010; Matzsch and Karlsson, 1986; Moskal et al., 2007; Noordzij et al., 2001). While much 
of the motorcycle safety literature is relevant to mopeds and larger scooters, the latter PTW 
types have received comparatively little focused research attention. Moreover, while some 
studies have compared motorcycle and moped safety, differences and similarities between 
mopeds and larger scooters, or between larger scooters and motorcycles, have not been 
specifically examined, with very limited exceptions including Salatka et al. (1990).  
One of the reasons that larger scooters have not been comprehensively compared with 
mopeds or motorcycles in safety research is that they are not clearly defined and not 
separated from motorcycles in crash or registration data. Scooters are thus included in official 
datasets as either mopeds or motorcycles, depending on their engine size and performance 
characteristics. Mopeds are essentially small motor scooters, usually with typical scooter 
characteristics such as ‘step-through’ design, automatic transmission and smaller wheels than 
motorcycles (Lin and Kraus, 2009). Regulations in most jurisdictions limit mopeds to a 
maximum design speed of 50 km/h or less and a maximum engine cylinder capacity of 50 
cubic centimetres (cc) or less. Scooters exceeding either of these specifications are usually 
classed as motorcycles in official data.  
Riders and industry often do not distinguish between mopeds and scooters, typically 
referring to both PTW types as ‘scooters’ (Bowdler, 2010). However, while there is relatively 
little variation in moped design and performance characteristics, many of which are shared by 
scooters with larger engine capacities, there is considerable variation in the characteristics of 
scooters as a whole. For example, a Vespa LX50 (moped) is virtually identical to a Vespa 
LX125 scooter in all but engine size and performance, while a Suzuki Burgman 650 scooter 
shares as much in common with medium capacity touring motorcycles (weight, ABS brakes, 
maximum speed) as it does with mopeds (automatic transmission, step-through chassis, 
smaller diameter wheels).  
As with motorcycles, the type of scooter chosen may depend on a wider range of rider 
objectives and motivations than is the case with mopeds, among which there is relatively 
little variation. This is important to consider from a safety perspective, as rider motivations 
and usage patterns have been shown to influence PTW crash risk (Christmas et al., 2009; 
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Kim et al., 2010; Sexton et al., 2004). For example, work-related riding was associated with 
lower crash risk compared to riding for other purposes in Australia (Haworth et al., 1997).  
Consistent with this, riding for recreation was found to increase motorcycle crash risk in 
other studies (Jamson and Chorlton, 2009; Moskal et al., 2012).  
The factors influencing crash risk and severity in motorcycle and moped crashes may 
be reflected in crashes involving larger scooters. Separation of larger scooters from 
motorcycles in crash data is required to determine if this is the case and, if so, to what extent. 
As mentioned above, such analysis has not been reported in the literature to date, with the 
early exception of Salatka et al. (1990). The current research therefore examined the 
comparative crash risk of motorcycles, mopeds and scooters, and the factors influencing 
crash severity for each PTW type. The following sections outline the literature on PTW crash 
rates, crash risks and factors influencing crash severity. Methodology for the current study is 
then described, followed by results, discussion and conclusions in subsequent sections. 
 
1.1 Crash rates and associated risks 
  A Swedish study of moped and motorcycle crash injuries from 1987 to 1999 reported 
that motorcycle and moped riders were respectively 10 and 20 times more likely to be injured 
in a crash than car occupants per distance travelled (Aare and Holst, 2003). The higher 
moped crash risk was likely age-related, with a minimum age of 15 years for moped riders, 
but there were numerous changes to licensing regulations for all PTW classes throughout the 
study period that confound results related to age and experience. In contrast, an earlier study 
of California crash data (Salatka et al., 1990) found that fatal and severe injury crashes 
involving motorcycles occurred at about three times the rate of those involving mopeds and 
scooters (combined) per 10,000 registration years. In this rare example in which scooters 
were separated from mopeds and motorcycles, scooters and mopeds also differed in terms of 
crash rates. The reported fatal and serious injury crash rate per 10,000 registration years was 
16, 38 and 75 for mopeds, scooters and motorcycles respectively. While scooter riders 
required a motorcycle licence, moped riding was permitted on any class of driving licence. 
The authors suggest that the different crash rates of mopeds and scooters could reflect either 
different patterns of use or similar patterns of use with different crash risks.  
Other analyses of moped and motorcycle crash rates in Europe and elsewhere have 
also produced divergent findings. Higher crash rates per distance travelled among mopeds 
compared to motorcycles have been observed in some European countries (Koornstra et al., 
2002; Sexton et al., 2004), while the reverse was found in others (Koornstra et al., 2002; 
Noordzij et al., 2001; Yannis et al., 2005). Analysing aggregate data from five European 
countries (France, Germany, Italy, the Netherlands and Spain), the Motorcycle Accident In-
Depth Study (MAIDS) reported similar crash involvement for mopeds and motorcycles 
relative to exposure (ACEM, 2008).  
Overall the literature shows that the crash rates (and the factors that contribute to 
them) vary considerably across jurisdictions, limiting the transferability of research to other 
locations. Regulatory and technological changes have also diminished the relevance of some 
older studies, with more stringent licensing requirements and higher minimum age for PTW 
riding among the major and most common regulatory changes. Changes in PTW design and 
intended purpose have occurred, which are likely to have influenced usage patterns and 
therefore safety outcomes. For example, scooters were reported by Salatka et al. (1990) to 
range from 50 cc to 250 cc in the late 1980s, but they now span a wider range of engine 
capacities (up to at least 650 cc) (Bowdler, 2010), thus satisfying a wider range of usage 
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motivations and purposes. This raises the hitherto unanswered question of whether larger 
(>50cc) scooters are more like mopeds or motorcycles in terms of crash characteristics and 
crash risk.      
 Motorcycle and moped crashes are characterized to some extent by similar risk factors 
according to the literature. Risk factors common for both motorcycle and moped crashes 
include exceeding speed limits, inappropriate speeds, alcohol use, unlicensed riding, holding 
a foreign licence, helmet non-use, male gender, younger and older rider age, rider 
inexperience and riding for recreation (Greig et al., 2007; Haworth et al., 2009; Lardelli-
Claret et al., 2005; Lin and Kraus, 2009; Moskal et al., 2012). The higher crash risk of 
recreational motorcycling is generally associated with weekend riding, larger capacity 
motorcycles, riding in rural areas and in higher speed zones. Moskal et al. (2012) also found 
that recreational riding contributed to higher moped crash risk, though the characteristics of 
recreational moped crashes differ from those involving motorcycles due to predominantly 
urban use of mopeds in lower speed zones. Due to the differences in usage patterns, vehicle 
performance and rider-dependent factors, it seems that these risk factors may present 
somewhat differently in moped compared to motorcycle crashes in terms of context. For 
example, mopeds are unlikely to exceed speed limits in higher speed zones due to 
performance restrictions, unlike motorcycles, which may result in differences between the 
PTW types in crash severity and injury outcomes, as well as in statistical crash risk.  
 
 
1.2 Crash severity and associated risks             
Motorcycle crash and injury severity have been examined extensively and some 
research has included comparisons with mopeds (and light motorcycles) (Langley et al., 
2000; Matzsch and Karlsson, 1986; Moskal et al., 2007; Quddus et al., 2002; Salatka et al., 
1990; Savolainen and Mannering, 2007; Zambon and Hasselberg, 2006). Previous research in 
Queensland found no statistically significant differences in the severity profiles of police-
reported moped and motorcycle crashes (Haworth et al, 2008), but the number of moped 
crashes (306) was relatively small. Among reported motorcycle crashes, 48.8% resulted in a 
fatality (2.8%) or hospitalization (46%), compared with 43.7% of moped crashes (1.3% fatal, 
42.4% hospitalization). However, in Europe, the MAIDS analysis of fatal and non-fatal 
injuries found that motorcycles and larger scooters were significantly overrepresented in fatal 
cases compared to mopeds (14.9% vs. 6.3%, p < .05) (ACEM, 2008). Aare and Holst (2003) 
also reported lower injury severity for moped riders than motorcycle riders. While they did 
not report injury patterns by PTW type, these were shown to differ for crashed (helmeted) 
moped and motorcycle riders in a study by Moskal et al. (2007). This research found higher 
risk of facial injury among moped riders, and lower risk of spinal, chest, abdominal and upper 
extremity injuries compared to motorcycle riders. The different injury patterns may have 
resulted from different crash characteristics associated with different usage patterns, 
including crash type, collision partner and impact speed (Moskal et al., 2007; Salatka et al., 
1990). Moped riders are less likely to wear protective clothing than motorcycle riders in some 
studies, which may also contribute to differing injury outcomes (de Rome et al., 2011; 
Moskal et al., 2007).       
Some studies have examined crash severity by PTW engine size rather than by PTW 
type. Notwithstanding that these studies may falsely imply a linear relationship between 
engine size and power output, they can be used to compare larger PTWs with light 
motorcycles and mopeds. Logistic regression analysis by Zambon and Hasselberg (2006) 
found no statistically significant difference in the severity of outcome (‘fatal/severe’ or 
‘minor’ injuries) of crashes of motorcycles up to 125 cc engine capacity compared with larger 
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models, though larger (>125 cc) motorcycles were reported to be somewhat protective. In 
contrast, ordered probit modelling by Quddus et al. (2002) found that larger motorcycle 
engine capacity was a main factor associated with greater injury severity. In a New Zealand 
study, Langley et al. (2000) also reported higher risk of moderate to fatal injury among larger 
engine capacities compared with those of less than 250 cc.    
Some of the factors noted earlier as influences on crash risk also influence crash and 
injury severity. Although mopeds were not identified by Zambon and Hasselberg (2006), 
their study found that greater crash severity was significantly associated with weekend 
(Saturday) riding, rural areas, higher speed limits, alcohol involvement (suspected), darkness, 
and single motorcycle crashes. Savolainen and Mannering (2007) used probabilistic model 
estimations to examine motorcycle rider injury severity, finding similar results to Zambon 
and Hasselberg (2006) regarding alcohol use, higher speeds, darkness and single vehicle 
crashes. Savolainen and Mannering (2007) also identified horizontal and vertical curvature 
and increasing motorcyclist age as associated with higher crash severity. This is consistent 
with Quddus et al. (2002), who found motorcycle crashes on curves to be more severe than 
those at T-junctions, cross-junctions and straight road sections, and for riders aged 60 years 
or older. 
         
2. Method 
2.1 Acquisition of registration data 
Data for motorcycles on register in Queensland from July 1922 to June 2009 
(including all PTW types) were sourced from the Queensland Department of Transport and 
Main Roads (TMR) website (TMR, 2010). Moped registration data for July 2001 to June 
2010 were supplied by TMR. Mopeds are classed under the Australian Design Rules (ADR) 
as LA category vehicles (or LB if three-wheeled) and thus are identifiable in registration data. 
Motorcycles and scooters are both classed as LC (or LE if three-wheeled) category vehicles, 
and so are not separated in the registration data. Therefore, motorcycle and scooter 
registrations can only be distinguished by (1) painstaking re-coding of make and model to 
create motorcycle and scooter categories (where sufficient quality information exists in the 
registration data) or (2) by inference from sales data supplied by industry. The first of these 
options was beyond the scope of the research due to resource constraints, while the second 
option was considered somewhat unreliable and therefore not pursued.  
 
2.2  Acquisition, cleaning and coding of crash data 
PTW type is not reliably captured in the official TMR crash database. As the first step 
in the creation of a new database for this study, TMR merged the crash data for all PTWs in 
crashes for the five year period 1 July 2003 until 30 June 2008 with the vehicle registration 
database using registration number as the matching variable. This provided additional 
information on make, model and body type for the PTWs in crashes. Some PTWs could not 
be classified due to missing registration numbers (n = 68) and were coded as ‘Unknown’ in 
the augmented data file. This occurred if registration numbers were not recorded in crash 
reports, the vehicle was unregistered at the time of the crash, or the vehicle was no longer 
registered when the crash and registration data files were merged. TMR supplied the 
augmented crash data for the 8,608 reported crashes as four separate files for casualties 
(persons injured), controllers (road user types and contributing circumstances), crashes (crash 
characteristics and descriptions) and contributing circumstances. The reference number for 
each crash was used to merge the files for analysis.        
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The second step in the creation of the database for this study was a detailed 
examination of the augmented file by the authors to detect and correct any misclassifications 
of motorcycles and mopeds, and to identify scooters.  The body type of vehicle in the 
augmented crash data was coded as either ‘MCYC’ (motorcycle), ‘MOPE’ (moped), 
‘MQUA’ (four wheels), ‘MTRI’ (three wheels), ‘SCAR’ (side car motorcycle), ‘TQOR’ 
(three or four wheels, off-road) or ‘Unknown’. Examination of the augmented data file by the 
authors indicated numerous vehicles where the coding of body type was inconsistent with the 
make and model details. These inconsistencies were then rectified where possible by 
reference to a range of information sources, including: Scooter magazine, published 
biannually with a comprehensive list of mopeds and scooters available new in Australia 
(Bowdler, 2010); Bikez.com online motorcycle catalogue (Bikez.com, 2010), claiming a list 
of over 17,000 PTWs manufactured since 1970; and make and model information transferred 
from an observational study of PTWs conducted as part of the broader current research 
program (Blackman and Haworth, 2010). Using these information sources, each crash was 
then classified as involving one of six PTW type groupings: Motorcycle (LC category); 
Moped (LA category); Scooter (LC category); Moped/Scooter (unknown); Unknown; and 
Other. A new variable called ‘PTW type’ was created within an SPSS master file to facilitate 
this process. 
 Several PTW manufacturers produce or have produced models which share chassis 
design, model names and other features, differing only in engine cylinder capacity which 
subsequently determines their ADR category as either LA moped or LC scooter (motorcycle). 
The reliability of subsequent crash data analysis hinges heavily on the accuracy of the 
original crash report and associated data entry. It is possible that PTWs in some cases were 
incorrectly identified and/or incorrectly reported, particularly in the case of mopeds 
(‘MOPE’) with ‘Unknown’ make and model details (some of these may have been LC 
category scooters). However, every effort was made to include only reliably identified PTW 
types in cases selected as valid for analysis.     
The process used to classify PTW types began with confirming for each case that 
vehicle body type and make and model details were consistent. Cases with ‘MOPE’ body 
type and ‘Unknown’ make and model details were assumed to be mopeds and coded as such 
for analysis (‘Moped’). Cases with ‘MOPE’ body type and make and/or model details 
indicating LC category motorcycle or scooter were re-coded accordingly (‘Motorcycle’ or 
‘Scooter’). Cases with ‘MCYC’ body type were then checked for make and model details to 
identify mopeds which may have been misclassified, and (LC category) scooters which are 
considered motorcycles for licensing and registration purposes. Cases where make and model 
details clearly indicated a moped misclassified as ‘MCYC’ body type were subsequently re-
coded ‘Moped’ for analysis. Similarly, cases where make and model details clearly indicated 
a (LC category) scooter with ‘MCYC’ body type were re-coded as ‘Scooter’ for analysis. 
Cases in the crash dataset with ‘MCYC’ body type where it was unclear from model details 
whether a PTW was a LA moped or LC scooter were re-coded as ‘Moped/Scooter’ 
(unknown) and excluded from analysis.    
Models which are sold in both LA and LC configurations with no indication of engine 
cylinder capacity (e.g. Piaggio Zip, Bolwell Shark) were coded for PTW type according to 
the vehicle body type originally listed for that case if ‘MOPE’, or re-coded for PTW type as 
‘Moped/Scooter’ (unknown) if vehicle body type originally listed for that case was ‘MCYC’ 
(given the substantial number of mopeds reliably identified with MCYC body type, it was not 
assumed these were LC category scooters). Where vehicle make was known but vehicle 
model unknown (in all cases recorded as MCYC body type), these were coded as 
‘Motorcycle’ PTW type unless the vehicle manufacturer was known to produce only scooters 
and mopeds and not motorcycles (e.g. Vespa/Piaggio, Bolwell, TGB). 
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The data cleaning and re-coding process revealed 411 mopeds correctly recorded for 
body type, while a further 130 mopeds were incorrectly recorded as motorcycles. Of the 95 
LC category scooters identified, 86 were correctly recorded as motorcycle body type, eight 
incorrectly recorded as moped and one (2-wheeled scooter) incorrectly recorded as motor-
tricycle body type. There were 54 vehicles recorded as motorcycles and four recorded as 
mopeds that could not be confirmed as either LA moped or LC scooter from make and model 
information, but which were apparently not motorcycles, having been produced by scooter-
only manufacturers. 
There was no information in the crash dataset for vehicle body type, make or model in 
1,193 cases for which a registration number was recorded. These cases were coded and 
grouped as ‘Unknown’ along with those for which there was no registration number recorded 
(n = 68). Cases in the ‘Moped/Scooter’ (unknown), ‘Unknown’ and ‘Other’ categories (n = 
1,261) were excluded from the main analysis to allow valid comparison between mopeds, 
scooters and motorcycles which could be reliably identified and classified. Exclusion of these 
cases left a total of 7,347 valid cases allocated to one of three PTW types; Moped (n = 541), 
Scooter (n = 95) and Motorcycle (n = 6,711). 
A relatively large proportion (30%) of ‘Unknown’ and ‘Other’ PTW types crashed in 
rural or remote areas (‘Other’ regions), compared to ‘Scooter’ (17%) and ‘Moped’ (13%) 
types. This was also the case for ‘Motorcycle’ types (26.2%), leading to the conclusion that 
‘Unknown’ PTW types are likely to be motorcycles in a large majority of cases. PTWs 
registered outside Queensland are listed in the crash data as vehicle body type ‘unknown’ and 
therefore excluded from the main analysis. Note also that due to the exclusion from the crash 
data of unknown PTW types registered in Queensland, the crash rates calculated may 
underestimate the true values. 
 
2.3 Data analysis 
The data were processed using SPSS (version 17) software. Most of the analyses 
performed in this study were crash-based. However, there were slightly more PTW 
controllers involved than there were PTW crashes, due to a small number of crashes 
involving multiple PTWs. Controller-based analyses were therefore conducted for rider age, 
gender and licence characteristics. 
To compare the overall safety of mopeds and motorcycles, crash rates per 10,000 
registered LA and LC category PTWs were calculated for each year of the five year study 
period (July 2003 - June 2008). The average crash rates over the entire period were also 
calculated by dividing the total number of crashes by the total number of registrations 
summed across the years (referred to as registration-years). The number of registration-years 
for LA mopeds and LC motorcycles (including scooters) was calculated by subtracting LA 
registrations from the total motorcycles on register (which includes mopeds) for each 
financial year period, then adding the totals for each year for LA and LC categories. Crash 
rates per million vehicle kilometres travelled (VKT) were also calculated using data from an 
unpublished survey that collected self-reported distance travelled estimates for mopeds, 
scooters and motorcycles (N = 3,203) in Queensland in 2005 (Harrison and Christie, 
unpublished results). Initial descriptive analysis involved Pearson’s chi-square (χ²) tests of 
association for statistically significant differences at the .05 level. Effect sizes relating to 
significant differences were estimated using Cramer’s V (Øc) calculations measuring strength 
of association, with 0.10 considered a small effect size and 0.50 or greater considered large, 
following Aron and Aron (1999). Post-hoc tests were also conducted to obtain adjusted 
standardised residual statistics to identify the particular frequencies that were significantly 
lower or higher than expected. Adjusted standard residuals outside + 2.0 and - 2.0 were 
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considered significant (Haberman, 1978) and these percentages are bolded in the relevant 
tables.  Differences in crash rates by PTW type were examined using z-tests. 
To examine factors influencing crash severity, an ordered probit regression model was 
used to control for a range of variables in addition to PTW type. The ordered probit model 
accounts for the ordered nature of the dependent variable, in this case crash severity, of which 
there are five levels in the current study (Fatal, Hospitalisation, Medical treatment, Minor 
injury and Property damage only). Details of an ordered probit model specification used to 
examine factors influencing motorcycle crash severity are available in Quddus et al. (2002). 
Variables included in the current model were those with potential to influence crash severity 
according to the literature, including speed zone, horizontal alignment (curvature), day of 
week, time of day, crash configuration, number of units involved, rider age and PTW type 
(Zambon and Hasselberg, 2006; Quddus et al., 2002; Savolainen and Mannering, 2007). The 
referent groups for relevant categorical variables were selected according to their 
predominance in the overall data. For example, if a majority of crashes occurred in 60 km/h 
speed zones, as expected, this became the referent group for speed zone. Similarly, if the 
majority of crashes occurred on straight road sections and on weekdays, these were selected 
as the referent groups for the respective variables. 
 
3. Results 
3.1 Crash trends and crash rates 
Of the 7,347 crashes where PTW type could be identified, 91.3% involved 
motorcycles, 7.4% involved mopeds and 1.3% involved larger scooters (see Table 1). The 
total number of reported PTW crashes grew each year, from 1,456 in 2003/04 to 1,907 in 
2007/08. There was a statistically significant difference between the increases in moped, 
scooter and motorcycle crashes over time (χ² (8) = 32.09, p < .001).  Reported moped crashes 
increased by around 100% over the study period, with scooter crashes increasing at a similar 
rate, while motorcycle crashes increased only moderately by comparison (16%). As a result, 
moped crashes increased from 5.7% of the total in 2003/04 to 9.2% in 2007/08.  The 
proportion of crashes which involved larger scooters increased from 0.9% to 2.0% over the 
same period.   
The number of crashes of unknown PTW types also doubled over the five years. 
Unknown PTW types in Table 1 include PTWs which were known to be either a moped or 
larger scooter but could not be more accurately identified. These were defined as 
‘Moped/Scooter’ (unknown) and constituted 58 (4.6%) of the 1,261 unknown PTW types 
overall. The increase in Moped/Scooter (unknown) crashes was roughly consistent with the 
doubling in moped and scooter crashes across the five year period.  
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Table 1 
Queensland PTW crashes by type and year, July 2003-June 2008 
Year  PTW type  Motorcycle Moped Scooter Valid total Unknown Total 
03/04 n % 
1210 
93.4 
74 
5.7 
12 
0.9 
1296 
100.0 
160 
(11.0) 
1456 
(100.0) 
04/05 n% 
1328 
93.3 
85 
6.0 
10 
0.7 
1423 
100.0 
226 
(13.7) 
1649 
(100.0) 
05/06 n% 
1382 
90.1 
130 
8.5 
21 
1.4 
1533 
100.0 
246 
(13.8) 
1779 
(100.0) 
06/07 n% 
1384 
91.6 
106 
7.0 
21 
1.4 
1511 
100.0 
306 
(16.8) 
1817 
(100.0) 
07/08 n% 
1407 
88.8 
146 
9.2 
31 
2.0 
1584 
100.0 
323 
(16.9) 
1907 
(100.0) 
Total 
03/08 
n
% 
6711 
91.3 
541 
7.4 
95 
1.3 
7347 
100.0 
1261 
(14.6) 
8608 
(100.0) 
 
 Table 2 shows that the number of registered mopeds increased more than threefold 
over the study period. The overall crash rate per 10,000 registration-years across the five year 
period was 133.4 for mopeds and 124.8 for motorcycles and larger scooters combined. A z-
test for the difference in crash rates showed that they were not statistically significantly 
different across the five year period. Comparing the rates for each financial year separately, 
there were statistically significant differences between mopeds and motorcycles (including 
larger scooters) in 2003/04 (z = 2.81, p = .025) and in 2005/06 (z = 2.03, p = .04), but not in 
other years.  
Crash rates fell for both registration categories across the study period. The rate of 
moped crashes per 10,000 registration-years declined by 40% from 193.6 to 116.1 over the 
five year period, while the rate of motorcycle and larger scooter crashes declined only 
moderately by comparison (22%, from 138.3 to 108.21). 
 
Table 2 
Crashes per 10,000 QLD registrations by financial year and registration (ADR) category 
Category Crash year 03/04 04/05 05/06 06/07 07/08 03-08 
LA Moped       
Registrations 3822 5239 8275 10660 12573 40569 
Crashes 74 85 130 106 146 541 
Crashes/10,000 
registrations 193.6 162.2 157.1 99.4 116.1 133.4 
95% CI 149.5-237.7 
127.8-
196.7 
130.1-
184.1 
80.5-
118.4 
97.3-
135.0 
122.1-
144.6 
       
LC Motorcycle       
Registrations* 88352 96417 107595 120126 132940 545430 
Crashes 1222 1338 1403 1405 1438 6806 
Crashes/10,000 
registrations 138.3 138.8 130.4 117.0 108.2 124.8 
95% CI 130.6-146.1 
131.3-
146.2 
123.6-
137.2 
110.8-
123.1 
102.6-
113.8 
121.8-
127.7 
*Motorcycles and scooters on register excluding LA moped registrations 
 
The survey of PTW usage in Queensland by Harrison and Christie (unpublished 
results) in 2005 collected data on distance travelled annually by mopeds (n = 140), scooters 
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(n = 88) and motorcycles (n = 2,975), providing an opportunity to calculate police-reported 
crash rates per vehicle kilometre travelled (VKT) for LA mopeds and LC 
motorcycles/scooters. The crash rates were 6.33 and 1.70 per million VKT for LA and LC 
category vehicles respectively, a moped crash rate per VKT nearly four times that of 
motorcycles and larger scooters (Table 3). 
  
Table 3 
Calculation of moped and motorcycle crash rates per VKT for 5 years (using data from Harrison and 
Christie, 2006) 
Statistic ADR category LA Moped LC Motorcycle 
Registrations for 5 years  40569 545430 
Mean VKT/year 2107 7327 
Total moped km for 5 years 85478883 3996365610 
Crashes 541 6806 
Crashes/1million VKT 6.33 1.70 
   
Median VKT/year 1050 5000 
Number of survey respondentsª  140 2975 
Range 15000 70000 
ªexcludes 2 moped rider outliers who reported travelling >32,000 km/year 
 
3.2 Crash characteristics 
The crash characteristics for the three types of PTW are summarised in Table 4. 
Scooters were the most likely to be involved in a multi-unit crash (79%), followed by mopeds 
(71%), with motorcycles least likely to be involved in a multi-unit crash (66%). The 
differences in multi-unit crash involvement were statistically significant (χ² (2) = 13.13, p = 
.001, Øc = .04) and are also reflected in the distributions of crash group descriptions and crash 
configurations presented in Table 4 (greater involvement of motorcycles in ‘fall from vehicle’ 
crashes for example).  
Moped and scooter crashes were more likely than motorcycle crashes to occur on 
weekdays (79-81% vs. 69%) (χ² (2) = 27.85, p < .001, Øc = .06). For all PTW types, more 
than three quarters of all crashes occurred during daylight hours (6am – 6pm) and the highest 
frequency of crashes occurred in the 3pm – 6pm period.  
Moped and scooter crashes were statistically significantly more likely than 
motorcycle crashes to occur in speed zones of 60 km/h or less (χ² (8) = 131.85, p < .001, Øc = 
.09). Approximately 90% of moped and scooter crashes occurred in speed zones up to 60 
km/h, compared with 70% for motorcycle crashes. Motorcycle crashes occurred in speed 
zones of 80 km/h or more in 25% of cases, compared with 6.5% for both moped and scooter 
crashes.   
All three PTW types differed significantly with regard to roadway horizontal 
alignment (χ² (2) = 46.78, p < .001, Øc = .08).  While most crashes occurred on straight road 
sections for all PTW types (72%), this was more common for mopeds (83%) and scooters 
(86%) than for motorcycles (71%). 
Rider age distributions differed significantly for the three PTW types (χ² (4) = 129.64, 
p < .001, Øc = .09 (excluding unknown age). Moped crashes involved the highest proportion 
of riders aged below 25 years (32%), followed by motorcycle crashes (23%), with relatively 
few larger scooter crashes involving young riders (9.5%). Riders aged 60 years or older were 
more prominent in larger scooter crashes (14%) than in moped (9%) or motorcycle (3%) 
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crashes. These data reflect the median ages calculated from the original grouped age data (in 
eight age categories), which were 31.7, 38.8 and 34.6 years for moped, scooter and 
motorcycle riders respectively.        
 
Table 4  
Descriptive analysis of characteristics of Queensland PTW crashes  
Crash characteristic n (%) PTW type  Moped Scooter Motorcycle p 
Multi-unit ª crash 384 (71.0) 75 (78.9) 4410 (65.7) .001 
Weekday crash 428 (79.1) 77 (81.1) 4659 (69.4)  <.001 
Day time (6am – 6pm) 416 (76.9) 79 (83.2) 5231 (77.9)  
   Speed zone    <.001 
0-50 km/h 136 (25.1) 17 (17.9) 1034 (15.4)  
60 km/h  349 (64.5) 67 (70.5) 3632 (54.1)  
70 km/h 21 (3.9) 5 (5.3) 389 (5.8)  
80-90 km/h 21 (3.9) 4 (4.2) 720 (10.7)  
100-110 km/h 14 (2.6) 2 (2.1) 936 (13.9)  
Intersection crash 289 (53.4) 50 (52.6) 3088 (46.0) .002 
Dry road (sealed only) 469 (87.3) 89 (93.7) 6053 (91.6) .003 
Horizontal curve 92 (17.0)  13 (13.7) 1,960 (29.2) <.001 
Crash group description    <.001 
Same direction 126 (23.3) 31 (32.6) 1562 (23.3)  
Adjacent approach 103 (19.0) 17 (17.9) 947 (14.1)  
Off path on straight 88 (16.3) 10 (10.5) 836 (12.5)  
Opposite approach  75 (13.9) 15 (15.8) 1058 (15.8)  
Manoeuvring 56 (10.4) 9 (9.5) 386 (5.8)  
Off path on curve 38 (7.0) 6 (6.3) 1032 (15.4)  
On path 24 (4.4) 1 (1.1) 332 (4.9)  
Others 31 (5.7) 6 (6.3) 595 (8.1)  
Crash configuration    .001 
Angle 220 (40.7) 42 (44.2) 2330 (34.7)  
Fall from vehicle 98 (18.1) 17 (17.9) 1570 (23.4)  
Hit object 70 (12.9) 6 (6.3) 1016 (15.1)  
Rear end 74 (13.7) 12 (12.6) 815 (12.2)  
Sideswipe 49 (9.1) 13 (13.7) 503 (7.5)  
Head-on 4 (0.7) 2 (2.1) 148 (2.2)  
Other 26 (4.8) 3 (3.2) 329 (4.9)  
PTW most at fault 292 (54.0) 43 (45.3) 3940 (58.7) .004 
Crash severity    <.001 
Fatal 5 (0.9) 1 (1.1) 230 (3.4)  
Hospitalisation 242 (44.7) 41 (43.2) 3401 (50.7)  
Medical treatment 205 (37.9) 38 (40.0) 1925 (28.7)  
Minor injury 83 (15.3) 15 (15.8) 1014 (15.1)  
Property damage 6 (1.1) 0 (0.0) 141 (2.1)  
Rider age group    <.001 
16-24 170 (31.4) 9 (9.5) 1541 (23.0)  
25-59 316 (58.4) 73 (76.8) 4933 (73.5)  
60> 47 (8.7) 13 (13.7) 180 (2.7)  
Unknown 8 (1.48) 0 (0.0) 57 (0.8)  
ªIncludes all vehicles, pedestrians and animals 
 
 
12 
 
3.3 Crash severity 
The distribution of crash severity by PTW type is presented in Table 4. Moped and 
scooter crashes were significantly less likely than motorcycle crashes to result in death or 
hospitalisation, and more likely to result in medical treatment (χ² (6) = 33.22, p < .001, Øc = 
.05) (excluding property damage only). Comparable proportions of moped, scooter and 
motorcycle crashes resulted in minor injury and property damage only. While the difference 
in crash severity was statistically significant, the estimated effect size was low. 
Low numbers of fatal moped and scooter crashes preclude testing for statistical 
significance of crash severity by rider age group. However, fatal moped crashes (N = 5) 
involved riders aged 30-49 years (40%) and 75 years or over (60%). The single fatal scooter 
crash involved a 30-39 year old rider.  For fatal motorcycle crashes (N = 230), 23.9 percent 
involved a younger rider (17-24 years), while only 3.9 percent involved an older rider (60 
years or over). 
The crash severity distribution for mopeds compared to motorcycles described above 
is reflected in analysis of crash rates per 10,000 registration years by crash severity and PTW 
type. Although scooters are included in the rates for motorcycles and not separately 
described, the low number of scooter crashes has a negligible influence on motorcycle crash 
rates. For motorcycles there were 4.2 fatalities per 10,000 registration years (95% CI, 3.7-
4.8), compared with 1.2 fatalities for mopeds (95% CI, 0.2 – 2.3). The severity distribution 
also suggested a greater likelihood of medical treatment for moped riders compared to 
motorcyclists, with respective rates of 50.1 and 36.0 per 10,000 registration years. 
Although these crash severity distributions reveal a difference in moped versus 
motorcycle (and larger scooter) crash outcomes, it could not be assumed that the difference 
was solely a function of PTW type. An ordered probit regression model was therefore used to 
examine the factors influencing crash severity for each PTW type. Variables included in the 
ordered probit model were those considered to influence or potentially influence crash 
severity in the literature (Quddus et al., 2002; Zambon and Hasselberg, 2006), including 
speed zone, horizontal alignment (curvature), day of week, time of day, number of units 
involved (single or multi-vehicle), rider age  and PTW type.  
The ordered probit model of severity was statistically significant for the entire model 
for all PTWs (p <.001), and for mopeds (p = .048), scooters (p = .0045) and motorcycles (p 
<.001) modelled separately. In the entire model for all PTWs, the variables rider age and 
PTW type did not emerge as a statistically significant influence on crash severity (severity 
outcomes were not a function of PTW type per se). Age was therefore dropped from 
subsequent models, while PTW type was only relevant for the entire model. In the stratified 
model the three PTW types differed in terms of the particular factors which significantly 
influenced crash severity. Motorcycle crashes were more severe in speed zones of 80 km/h or 
more (p <.001), on curves (p <.001), in single vehicle crashes (p <.001), on weekends (p = 
.001) and between the hours of 6pm and 6am (p = .001). As shown in Table 5, when stratified 
by PTW type, moped crashes were only significantly more severe between the hours of 6pm 
and 6am (p = .04) and in speed zones of 90 km/h or more (p = .033). Scooter crashes were 
only significantly more severe in 70 km/h speed zones (p = .016), though not in higher speed 
zones, and were significantly less severe on weekends (p = .002). Thus some of the 
characteristics significantly associated with greater motorcycle crash severity, including 
single vehicle, weekend crashes and horizontal curvature, were not associated with greater 
severity of moped or scooter crashes.  
 
13 
 
Table 5   
Parameter coefficient estimates of stratified ordered probit model of severity by PTW type 
Variable Estimate Std. error 
z-
statistic p-value 
95% CI 
Lower Upper 
Moped       
Speed zone (ref 60km/h)       
Up to 50 0.162 .113 1.43 .154 -0.060 0.384 
70km/h -0.024 .250 -0.10 .922 -0.514 0.465 
80km/h 0.019 .251 0.08 .939 -0.472 0.511 
90km/h or more 0.693 .325 2.13 .033 0.056 1.331 
On curve -0.014 .133 -0.11 .915 -0.276 0.247 
Weekend -0.037 .119 -0.31 .754 -0.271 0.196 
6pm-6am 0.240 .117 2.06 .040 0.011 0.469 
Single vehicle 0.186 .110 1.68 .092 -0.030 0.403 
Scooter       
Speed zone (ref 60km/h)       
Up to 50 -0.092 .321 -0.29 .774 -0.721 0.537 
70km/h 1.653 .686 2.41 .016 0.309 2.998 
80km/h 0.408 .618 0.66 .509 -0.803 1.619 
90km/h or more -0.823 .814 -1.01 .312 -2.418 0.773 
On curve 0.165 .389 0.42 .673 -0.599 0.928 
Weekend -0.935 .307 -3.04 .002 -1.538 -0.333 
6pm-6am 0.554 .334 1.66 .097 -0.100 1.208 
Single vehicle 0.228 .328 0.69 .487 -0.415 0.871 
Motorcycle       
Speed zone (ref 60km/h)       
Up to 50 0.003 .038 0.08 .934 -0.072 0.078 
70km/h 0.082 .058 1.40 .161 -0.033 0.196 
80km/h 0.239 .046 5.19 <.001 0.149 0.330 
90km/h or more 0.374 .042 8.85 <.001 0.292 0.457 
On curve 0.161 .033 4.95 <.001 0.097 0.225 
Weekend 0.098 .030 3.22 .001 0.038 0.157 
6pm-6am 0.104 .033 3.21 .001 0.041 0.168 
Single vehicle 0.115 .032 3.64 <.001 0.053 0.177 
 
 
4. Discussion 
 The current research sought to compare the crash risks of motorcycles, mopeds and 
scooters, and the factors influencing crash severity for each PTW type. The two measures of 
crash risk estimated in this study provide different pictures of the relative danger of riding 
motorcycles and mopeds. The crash rates per 10,000 registered vehicles were similar for 
mopeds and motorcycles (including larger scooters). Yet the survey data showed that, on 
average, mopeds travel less than a third of the distance travelled annually by motorcycles. So, 
per distance travelled, the moped crash rate was about four times that of motorcycles and 
larger scooters.   
The higher rate of moped crashes per distance travelled in the current research was 
also found by Aare and Holst (2003), although their Swedish moped riders were younger 
(minimum 15 years) and not entirely comparable to the current sample. The current findings 
for crash rate per registered vehicle conflict with Salatka et al.’s (1990) Californian finding of 
higher rates for motorcycles than mopeds, but their study was confined to fatal and serious 
injury crashes only. Research in other jurisdictions has produced divergent findings 
(Koornstra et al., 2002), including the MAIDS (ACEM, 2008) which reported similar crash 
risks for mopeds and motorcycles relative to exposure. The variations in research findings 
may be due to differences in the rider populations, environment, and regulations governing 
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moped and motorcycle use, but may also be influenced by the inconsistent (often 
unrepresentative) nature and quality of exposure data. Moped (and motorcycle) crash risk 
therefore requires further research and is arguably best assessed by jurisdiction or region. 
Improving both the quality and quantity of exposure data remains a particular challenge in 
PTW safety research.          
The change in crash rates across the five-year period complicates the understanding of 
the crash risks of motorcycles and mopeds further. Crash rates per registered vehicle fell for 
both mopeds and motorcycles (including larger scooters) over the study period, though the 
rates declined more sharply for mopeds. It is possible that new moped riders are more risk 
averse than those in previous periods and therefore crash less, despite inexperience being a 
known risk factor for PTW crashes (Lardelli-Claret et al., 2005; Lin and Kraus, 2009; Moskal 
et al., 2012). It is also possible that, while there are now more registered mopeds, they are 
used less frequently and travel relatively fewer kilometres than those in previous periods. A 
further possibility is that recreational riding, associated with higher risk than commuting in 
the literature, has largely contributed to the increase in motorcycle use but not moped use, 
thereby causing convergence of the previously disparate crash rates. 
The results suggest that there is not a great difference in the severity of reported 
crashes of different PTW types. While the chi-square test of association showed that scooter 
and moped crashes were significantly less severe than motorcycle crashes, the estimated 
effect size was small. Importantly, the ordered probit analysis found no significant 
differences in severity as a function of PTW type. Rather, it showed that crash severity 
outcomes relate to differences in crash characteristics and circumstances, rather than 
differences between PTW types per se. Although the performance restrictions applied to 
mopeds somewhat discourages (and in the case of high speed motorways prohibits) their use 
in higher speed zones, larger scooters which are not so restricted show an almost identical 
crash severity profile. This suggests that the patterns and purpose of moped and larger scooter 
use are generally similar, despite the different capabilities of the PTW types.     
Interestingly, the characteristics associated with higher severity in motorcycle crashes 
(single vehicle, 80> km/h speed zones, curves, weekends and night time), were mostly not 
associated with higher severity in moped or scooter crashes. Only night time crashes and 
crashes in high speed zones (90> km/h) were significantly associated with higher moped 
crash severity. Crashes of larger scooters were more severe in 70 km/h zones but not in 
higher speed zones and there is no obvious explanation for this (although low numbers 
suggest low reliability). There is also no immediate explanation for larger scooter crashes 
being significantly less severe on weekends than on weekdays, where the opposite is found 
for motorcycle crashes. One possibility in light of the literature is that the difference relates to 
trip purpose and related patterns of use (Savolainen and Mannering, 2007; Zambon and 
Hasselberg, 2006). If scooter (and moped) use on weekends is mainly for utilitarian purposes 
(such as shopping) rather than for recreation, a lower proportion of scooter use than 
motorcycle use will occur in higher speed zones and rural areas, and relatively fewer scooter 
crashes will involve only the PTW. These factors are indeed among those that increase crash 
severity generally in the current study. 
The literature identifies a relationship between rider age and PTW crash severity, with 
older riders more severely injured (Savolainen and Mannering, 2007; Quddus et al., 2002). In 
the current study rider age did not emerge as a significant variable in the ordered probit 
model of severity. However, with 60% of fatal moped crashes (N=5) involving riders aged 75 
years or older, age may have contributed to crash outcomes in these cases despite the results 
of the ordered probit model.  
The sustained increase in moped and scooter use in the current study area and 
elsewhere stimulates greater interest in their safety relative to other transport modes including 
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motorcycles. The research presented here suggests that measures for improving moped and 
scooter safety should take into account the particular characteristics of moped and scooter 
crashes, which differ somewhat from those involving motorcycles.            
  
4.1. Limitations 
 The numbers of crashes by PTW type in this study are likely to be underestimated 
because some PTWs could not be identified (14.6% overall). The unknown PTW types may 
be biased toward motorcycles as a large proportion of crashes involving unknown types 
occurred in rural and regional areas where there is generally less moped and scooter activity, 
although this is only speculative. This has a negative impact on the overall reliability of crash 
rates calculations. The low number of scooter crashes limited the number of variables 
available for reliable statistical analysis using the ordered probit model.  
Although it was possible to obtain some estimates of crash rates per distance travelled 
for mopeds using self-report survey data, the data for distance travelled are based on low 
numbers and are somewhat inconsistent. The lack of separation of motorcycles from scooters 
in the registration data meant that crash rates for those two PTW types needed to be 
combined, whether for crashes per registered vehicle or crashes per distance travelled. It is 
possible that the motorcycle and larger scooter crash rates differ significantly, per registered 
vehicle as well as per distance travelled. Further, neither of these measures account for the 
fact that not all registered PTWs are ridden regularly, or ridden at all, and it is possible that 
non-use of a registered PTW may be more common among a particular PTW type, leading to 
distorted crash rate comparisons.  
In light of research that has found lower use of protective apparel among moped than 
motorcycle riders in Australia (de Rome et al., 2011), its potential role in moderating crash 
severity is of some interest to the current authors. Unfortunately the available crash data (as 
with similar official datasets) held no information on protective clothing use1 and its effects 
on crash severity could therefore not be explored.        
  
5. Conclusions 
The use of mopeds and larger scooters has increased substantially in recent years in 
some developed countries, both in absolute terms and also relative to that of motorcycles. 
While there is an emerging body of research examining the role of PTW type in crash 
causation and crash outcomes, differences between mopeds, larger scooters and motorcycles 
have been largely overlooked. This study used a novel approach to identify and classify these 
PTW types in police-reported crash data for the purpose of comparative analyses.  
Mopeds and motorcycles crashed at a similar rate per 10,000 registration years over 
the study period, with the moped crash rate declining significantly compared to motorcycles 
over the five years (these crash rates converged over the study period). The moped crash rate 
per distance travelled was about four times higher than that of motorcycles and larger 
scooters, but clearer understanding of relative PTW crash risk is hindered by the difficulty of 
obtaining reliable exposure data. 
Factors influencing crash severity were examined using an ordered probit regression 
model. Factors that increased motorcycle crash severity (higher speed zones, horizontal 
curves, weekend, single vehicle and nighttime crashes) did not necessarily increase moped 
and scooter crash severity, reflecting different patterns of use among the PTW types. This 
                                                          
1 Other than helmet use which is mandatory and almost universal in the study area. 
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research may be valuable for informing development of potential crash and injury 
countermeasures tailored to users of different PTW types. 
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